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FABRICATION THEREOF 

(57)Abstract: 

PURPOSE: To produce a lens through a simple 
production process with no influence of thermal stress 
at the time of bonding a lens array board and a wafer. 
CONSTITUTION: Predetermined layers 12-15 are 
formed on a semiconductor substrate 1 1 thus forming a 
light emission element. A substantially spherical lens 18, 
approximated at sixteen stages, is formed by repeating 
the photolithography process and etching process four 
times on the surface of the semiconductor substrate 
11. A rear surface electrode 19 having an opening wider 
than an emission region 17 is formed on the surface of 
the semiconductor substrate provided with the lens and 
a surface electrode 20 is formed entirely on the surface 
of a cap layer 15. Since the lens can be formed easily 
on a bonded substrate by the semiconductor process, 
problem of thermal stress due to bonding can be 
eliminated. 
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(2) !&B8 s F08-255933 

* 



U 

u>Xp^-ccds^i*. u>x+*«icfet\r»t/hs 
<. u>XHjzi»ica3t\T«rE+*ffli3j3it*««a>2 

AOJ: « lSfl»0)*A%*^ ^ i: * ftfti: t 1 
(zlEKO U>X-»&¥«f»«%«?. 
KS#*4] MIHU^Xli. B«nictt7 U*;uu> 20 
X@^HS^£L. 

i»«t-r*ni*ai fcEtt^u>x-t*^»{**3t* 

ai ~4a>^-r*t*MSicEK0)u>x-{*^*»(t* 
fcttE**««j:y ***<mip»t»%. *>o. itrfE 

«it4»*ai ~6<&lvf;|x*M «::E«a>U>X— 40 
[■1*918] WEl/>X«ll«*fct»S»*tt, ¥ 

t^-rttaM aicE«a>u>x-ita*»»*at*^. 

toe u>xa«**fcr * 

[»*9Iio] ¥^lffi±I^SI^SIMLt 50 



S*»#S«g£l>(i*(D*a«:**S^(ca? y « itfc» 
ttlz»U h U y?97<rxa**yXMT9wJ: 

i-*y«rEu>xa**«*-r*«rEi»«»«ic»aL 
(*ffl*»tt«***a>a«*flfc. 

firTSESiS y »r z t \z * y toe [y>xmm^mmr & 
TOEPg&j&tti^j$ l u >x swrr * cfc 5 rz l tz z t 
*«F«fc-r * u>x-{*fi**(Mftft**o)«a»a. 

[0001] 
[0002] 

iUK« LT/<vt- i?Lfc*lz % *<DflHfcffi(D 

w£tt«iz [y>x^m^ Ltz to*<fc^ 0 

[0003] l**u 1|(D 
y. *£lzte v U>XIBOJ£«#*S<ft*a> 

■e. na (una) **#<-r4(cii*#ftu>x^!& 

[0 0 0 4] *z-c«*HH£»*-r**a>fcL-t\ « 

tzo ««U>X— ftffi*#(****^tt. JUTCB.*:?^ 
-Tftsb** $fGaAs^>GaPJS:mi«:^IA|: 

^Lt, xe#4F-i/^^A<^IMftltflkft£foxaic- 
J:UpnMtMU M&tttMmML 

S<D»M**&tt*«a*«*/au Lfctt 

[0 0 0 5] -*^*itSUXgt\ «***fcB— tf^ 

at-T&o C(D7>f^PL/>X7^S6t LTI4. ¥S 

{***u #?xMft«i*i*anaatttt£*itafti 

xufcy. aBinx**ifc*ffl*ffl^r»8ifiE»Lf=y 

-r^ctiCcfcySaSS^So fit, z<&£5lz53ij*iz 
»56*ih.fc^x/\£ L/>X7KSffit^ ^x/\Ji(D 
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(3) ^gl^os-assgss 



[0 0 0 6] 

i§zwAm}kL±5t?z>wimi ^<o^v. u>x 

^ &mto\zm i izizm't*ii£&iwv. «wftR*i=i± 

Hz\s>x<D^&mmtt&Moi&mz&in'tz > tzib. m 
z&M&m&r&mzmft&tem&ito^&to&ttezfr 

[ooo7] ±1Ecd£ 5 \zm®1mJi£M'?^t\z 

1$L?Z> Zt *<D£?lZLTWi&2tltzL'> 
Xt €>^xy\<t l/>X7U-fSffi^0) 

[0 0 0 8] ±IBLfc»S(zffi^TJ5r**Lfc 

isisX<D&m^fr'& : £&mz?T*&tttjiz^ u> 

XT ">x/\a>ft^«Flz* C«»l£*a)fB»£ 

[0 0 0 9] 

*KLfci^>x-(*a*»(****Ticfet^T. BtriHu 

wiciiu>xffi^*^ffi-r^fiff^offl®^«j$-r^<fc5 

[0 0 1 o] fit, TO«BU>X<D«tt*ilfc-r*(t» 
ft(BS»«t LTliv «*liE«Wlzl*:7U*JUU>X 

*;ny>xa<DHSflfflt«5aa)^u*;bu>xarticfc 
KS-efey. *a>KSi*u>x+iC>9«feyH5aepa>*A< 
Mir ttn&sffi same u ©itrEBa»«a>««*« 



li. L/>X+*aj|z^L^TS4»/h* <. u^XJf attic 

<os*-e&y. *o>**i*u>x**«j:y»sB»a>* 

5lCLT*fit\> 

[O0 1 1] *fc±E#«fit<D***^li. ®3K»}f« 
[0012] TOEU>X«ffiSiRfcri««»tt<D 

bj£@/5t (»«) t lti£„ *tti»fflia)*»(t*fi**a 

»7 XlfiOOTilni L t ©St Lfc y , £t>lcli¥S 
[0013] 4«3ft*a-ei*. ¥3Jt* 

o*awt***^-(^Biyf*itfc»« Lfcy 

h'J v^7-fXS*i»y»Lft5c:tizj:yTOEu> 
x«tt*««-r*«rEi«a»*r=»rtLu>x*»*t: 

§J:5(:Lfco *LT*4*aii, &E*<Hr£0>ttffi£ 
**-r«Ci:l=J:yfll**#t*»«(=fe^T. ft « SUB 

fry* v y v^^-r xaic*-3r»as*L*ck5a» 

30 [0 0 14]^:, 7* h<J V?5 7-f Xafflf-ettS 

>^xa*wsia»« y ss-r c t ic «t y itrE u 
>x«tt*«fiW*t»EPi«:»«i=»*Lu>xtaa 
-r &<t?icL*=o 

[0 0 15] 

-r xa £ &»cjs c rx v ? > y ia y s-r c £ ic 
«tot, ^swtxait^ojifcaittsizuvxs^fiE-r 
40 & 0 *6*^i:«)»j*»«LfcT-f u>x 

hSdo^A^o ^S#^p-fex-eu>xaj^* 

§£i£T*£&<7)t:. **«|fcU>X«li:a)-r*tl*VX^^ 
t <0P B 1H3b«»l>(D-e. 'J^4 1> U>X-rr^^^ N A 

cfc *ayuLJft*tiRiJ:-r*. 

[OOl 6] ^fc. U>X*^^-r^Sffiih Lt, 
50 «Sffll>t=S^rlcli (1S*^7) . 5iJ&u>Xffl<7>Sffi 
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(4) ^#18^08-255933 

» 



£ttyftflt&i&E#ft<. fg^±<**<i8§^b*4x£o * 

[OOl 7] U>XJS 
u >XtT£j£xgli« £ ^fficDB* y # itxga>SI^4r 5 o 

£Lftl\> 

[00 1 8] JiIB*#{**3fe*^<DU>Xtt. aattC: 

Ltl^tf, *<DKSl*£ltJh,l££l^ 
15 £\ g«Ml^yilg^CD}^tta)^>Xi:35:^t>^t>y 
ft<affi"C**. f LT7tMJV-i7f>^IiS 

nia«y5SL/s:**i^a-e#***a)a»i*2n st* 
t*u>x^ Ltt#*a^fflftt-t§o * biz. #i£ 

4) . 

[0 0 19]-J, nl£*£lM$<>: l>>X£ LT0>«tg 
»— =>?^*S«f=ttaJl4<&&0>"e» 

(5£4Bj&«»<ft*j&^ U>XHfflS<&iBj&<^*— 

A</^-->yB#©2fiUl±**llt (n + 1) He 
(D?* h U V-x^f>^HS U>X**ffllc<D*H6 
-rcirlipT^t^^o .fcot, (n + 1) EgCOXfl^ 

fT3c^(w«ty ^ t>icu>x<t ur(7>a^*<ig^^ (ft 

^l*^L<. &tz (n + 1) ®(DtZ*><D&£(DteT'& 

&75*<. cfcyawKtfwiv, s&i::, ( n + D masss 

^<D2fg)ii±-e&Hii. (n + 2) HB*1M"**«* * 

[0020]|f^^5 f 6 0<fc5l::«JS*££* 
«A^/h*<1MIB**t*a>-C. U>Xom3fcttA<J:<ft 

*<z>**t?(±. «am0>EK*<s<fty* «stffia> 

y. ««BBEHt3&<«< ft y LTWSttaE 

[00 2 1 ] 

[XSKfl] KIT. **Wir«-Bu^X-(*S*»(«6* 



fta^aitJifta^ooaiaaaswLr^*. nai= 

*tcfc9lCn-GaAs^bftS*S#l«1 1 -tlCn 
— Alo.3 Gao.7 As^b<fW7^Fil 2, I 
no. 2 Gao.e As/Ga As3b x bft^DQWil 3 % 
p— Alo.3 Gao.7 As^bSU^r^Kll 4, 

p + -GaAs^bM^'^n 5$, ^-oHi-ea 

Sl^li. ^Sta®1 6£J&j£LTlA£ e ^OiSgta^l 
10 6li, +A»»^*»fiEfcftyMP 1 6 aaFtufc/<* — 

>»tt*&fty. z*i::£y*&Kfl*&4W*£*i 
y«a3&««ya*#t*a>-e. DQwinw 

(DflrSttS. -Tftfrtu JiIB§gP1 6 alc»fi|-r*«« 
f3*«««i 7#»rt**i*. ftfe. ±E*««I*. « 

[0 0 2 2] ZCt^tlt 1 10)^® 

m^teB (-hEBBPl 6 a Ifetf !::«*«« 1 7 $fg£a 

20 Ji) |CU>X1 8^MLtl^o Tftfr** D QWi 
1 3r*(D^7t^glC^LT^#i*Sffil 1 l*SW"t*fc* 

*<T*#£o fit, *«"CI*. 01 (B) l:«Lt^ 

-r^i^ Ba«ic»st l. *«>aaa^K3*ffittizft 

^cfc5lcLT^^>o -Tft*5*>. E«»l=*fc»£lzlllW* 

[0023] ft^\ ^a>«ao>ft**ai4. *st«*i 
7tu>xi smoEatf, «jaaaiwft*j:5ftHr£ 

30 Sff^$L<, -t0)aai*2n (*^T?l*n = 4-ei 6 

S) l^cf^ctai^LTO^ *€il3. Pgl££<ftJ£-f 
8a(7>igl*. *«-<?i***«#*i£< LTl\ 

ftfc\ co)sas2 n iz-fh<K>\t. aa-raast^PHr 

X^6flD»»"C, d>ftl*xaft (nisi) T*jH)*fi<#« 
ffll 8 a £ff2/£^&7r#>(Dt<7)"C. ^"T L 
i> f&Stfft t^O 14 1 *> 5 A/T* & o 

[0024] ZblZ % U>X1 8tMLfe¥Wttt! 

1 1 Oill^lt 7 J=yi£L^««SMPLfc 

40 g®m*li 9^j^fi£L (0 2#KS) . 

1 5 0)S@I-I4- : E'^^:®I-S®m®2 O^ftLtO 
^>o C^l^cfcy. 11^1 9, 2 0MlcHf3g©«EE*ai 

iD-r«&. $®ig2o^biiin 9izfp]itrma£ 

A<35*t. ^(D^jggtaHi 6lCcty^*ttfc«3S»« 
«*c«fcy % BiP 1 6 affl»*a*LTa2flEA<a*t*0) 
T:. fMPI 6 a(DHTI^fc^>^7t^1 7rtta3tt 
tfML, 7A«f&3teU 0 1 ^5S@T-^-r «fe 

7l^. ^3b<it^-U>Xl 8 n 

50 [OQ2 5] *|Z. ±ELfca«<DU>X-(*S*a(* 
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(5) 



4$H¥08-255933 



GaAs^b^^lMSl 1±Cn-A I0.3 Ga 
0.7 A s ^xtf^^v^;u^g^|c<i:y«ML-C4T^ 
7^KI12$ML, f0)gl^®l:i no.2 Ga 
0.8 As/GaAsSSILtDQWil 3^SU 
£ t>lC^-(DS®±®l-P -A I 0.3 Gao.7 A s $fi£fig 

p + -GaAsSUKLT^7?Hl 5£J£jS-r<i>o 

fit, *ic«a»»«iai:r 

KBl 4ftlc;SgtaJSi 6 J W^. fcfc. H^*B§ 
[OO 2 6] a0X@££*H::U 1 1 

comthm (T<?=?v KH 2 j&/&®£j5*H!g<7)®) si 

■j v^^^-rxSfccfci;x^^>>fxsS4i5]^y3g-r 20 

Z.klz£t) m 01 (B) lc^"TJ:5^1 6S<DPgST*ia 

>xi sgp^cDgag^p-b^ii^-r^) o m&iz. m 

frl V ¥»f*«fil 1 1 scDBttffll:: 

j?r£ff2#(DB4l1 9, 2 0M«o fit, 
[O 0 2 7] ±IBLfcU>Xl 8(DSag^P-feXfCOL> 

\z7n-?m i ?x^mi *fflt^r. Sft^-tizu^x h 

yiftL^a G83fcSfl#) a I*, 0 7 {^^£51::. 1 
6©(DPgR7B«S««-r^«-SSa)a*». 8 

4«S* Lfe 'J >^«t So 1 1^4. 
T. **tex^*:/ K*StM*»*ttK^-f x^^> 

HSBStSo ^♦trz^yas (a) iz^-t^fcMSff 

1 1 a#ff2J&£*t£o 40 
[0028] ^fcH 4 2 7X^? M 2 $ i^t , 

2^X^M2[Z|*. 2 0(7>-7X*>^Lfcl,^i3b 1 , 
b2S%U W«J0)fS« b 1 (4. 1 G &<Dm&&&J$.T 

&<t*i LfctfoT. Z(Dm2^X^M2(C^<X-/ 

^>yjai3iic«fcy, as (b) \z7^-t-jz^\z % nrxg-c 

»«LfcD3ffl1 1 a0>JSffi<Dtt«l¥#£* HSUl 1 a(Z 50 



[002 9] *&|ZH«|C % $37X^M3$^lNt, 
J?£2 atzli^V^Xf'f&o :(D137X^M3|: 
I*. 1 6S(D5g®S««t^&SS07^, 
illC2<l^-rofc^T. 2ffi#<&*gfrb&&'7X*>^ 
L£l*««U 1 ~c 4*<»fifc*ftTl*4fctf>* $S©0 8 

(C) \Z7f:-f&?lZ^ fft&&ft\Z&2 a 2 <DW& 1 1 c 
tfl&f&ZH&o fit, @6l:itS4 7X^M4 (1 

L*t>!B«d 1 ~d 8AM**i 
t^5) fcg^UT. J»* ar/£ltx?*>$r*-4c:fclc 
*y. BT3e»ttA<ar»f£lt»*4*L*. C tilery* 0 

7 (a) izsM-viSH&tfHBi (b) icsF-rwffiBrea 

thUV^77-f xaattfl::*2h,lc*-3 < x v ? >y (Z 

*y»flfc**, 

[0 0 3 0] **16«-Cf*. L/>X*«attfcL"r\ B 
tf><D¥S<*£«l 1 lzU>X*H»MtLfcfc»* 

{*«i=»«**ifcat«a)-fflirttxa-c? 

[0031] fcfc. **lft«ic*-r»«a>u>X*«a 
j£Lfcx-/^>^ggS*x.SML*lt*ttf. ^P-bX-T 
6^btx§i: v J^eD£5Kx-/^>^$*m^ 

o^^jirz^p-tzx-r^ct^M^L^o 77^ 

[0 0 3 2] 0914. #£BJjom2H8S0y£^LTl> 

&mti=u ^®e«ii 9- ©i*si§f)tfc. -r* 

(*tt»ffl) 1 9<D«M*I** UVXl 8 0>Sffllcfl2/£L 
fcfcafr* ai£u>Xi 8 9»l:liSiil&i 

as5»«ffi« (Hni 6 a) cfcyi£l^«*BBPL 

?^AA«U>XHH0)tt#3&^lc«BIB**L*fcto. IIS 
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(6) ItBBspos-assgas 

■ 



[0 0 3 3] *c-c*sis«t?i*. 0 9i^-r,t5r3B 

Sfl'MtffiSSSS&AT? 5 \z. mOLtz^® 

1 1£« *a>ftaS2 i a y^*^iia i 7 izafta 

C0>*iai®ffi2 1 I*. ft<Z)fciJ|*®<!:ft4U>Xl 8(7)- 

[0 0 3 4] Si oii, *«wa>S83 5llS«**LTi* 

XlcLfcjg-eSft&o -fft*7*>. n-GaAsfr£ft£ 
¥9tttt&3 1 ±(w« n— (A 1o.7 Gao.3 ) 0.5 1 
no.s P^bfel»T^7 , vKi3 2, p— lno.5 Ga 
0.5 P^bft§Stti3 3, p— (A I 0.7 Gao.3 ) 
o.s lno.5 p^bftU^7^Ki3 4, p-AI 
0.7 Gao.3 A s *\ h> ft h BSEUfcfifcJi 3 5 % &tfp + - 
GaAs^b ft£#* *'^B 3 6 SJB*J«**-&T»rt 

&o fit, aiaizi*««««3 8«fcyi£^««*BBa 

l=«fit**lfc«ffi««4 0AtR|+6^« o tut, 

®3 9, 4 0BHw«E*BPln-r*Ci:(cj:y % H4>XI& 

[oo3 5] zzx*mmmx\*. ±ies®a«i3 9o 
aai:#7x«[4 1 -^ltccd^ltc 

«5XM4 1 OSSI^ SlS8l«i:l»l:7*h'J 
b*;H/>X4 2*»«Lt^S. fit, 

;uu>X4 2t. BB (B) fc^-Tcfcdlc Hr£Sflk^ 
(*. ¥SttSffi3i (^®ffi«i3 9) j:y*/j*Sft»tt 

fcU JfrfrBfr(=SBSa3 9<D-tb&*BdSU lEftfe 

[0036] ±Esas«a)K3S*a^ot\TiaBB 

^ctlZcfcoT. K3ttKl3 5A(=£fiiiM3 7£ 

iffitS, 2 ^(D^IZfiffS^tt(Da®S«l3 9S. 

t;siia4o£i«t^, 



[0 0 3 7] *l*T?* asm® 3 9(DS®IC#7XSfi 
it MJ V^77-Tlifc«l:tfl^f>^IiS 3 Bitty 

isur. s^8|gcDKa-e3fiftitfc^u*;uu>X4 2 

10 SjS**lfc^U*^^>X4 21*. 8&£;fc0>gg£glt 

<£>;:£: lift <. *fc* »*«*lz»-r*tta^sbii"t. 
*SI(*^n-bXlc«feyfT5a)T?. «»lcL^t,jE»(cfT 
5Zt&X$ho 

[oo3 8]«iz, u>x^^^p-trxicot\rP]^-r 

£ 0 U>X^jS^[cffi^L7=7X^/<^-><t UTI*. 
Bl 2-Hl 4|Z^-T 3ft07X^$ffl^^ o fit, 

twci/vxhit, mittm&Lx/<$—>->7L 

tztit* BS4af£lt»*-r4cfc5l3Xv/^>^S4T3o 
20 Sfclc. 01 3(c^-rft6 7X<9M6[rtt-3ivcJK3 2a 
f£l+x-/^>^£fKV ibl:@i 4l^tf7 7X^ 
M7lzgc5lNTJ5£at£ttx-/^><?£^r? 0 ^*M::<fc 

y. #vx*«4 1 a>afflHr3E«ffiA<. Bfsesgsei+i* 
ittztix. @i sci^-r^ft^® crib (a) ) »tf 

©t® (BB (B) ) ^^e>ft4U>X3b<BJ$*4x4o 

[003 9] fit, *SHfc«-(?l** $77X^M7!i 
S5, I67X^M5, MScfc y — >E2j£S*l<S> 

fftt£'h£< LTi^S. -Tftfc>*>. ccd^u^;uu>X 

30 ^ % B7-7X^M7<BU>Xj^iaSfl-eCD1 afefcyottl 
— >x>if-c*«»^B*«l2lTt«:y. — 
>->yt?£ftl\, *<Dfctf>* -T^TC&VX* 
<£/8 OBfiMMESBClc-TS) Lct5<t-r4. 4®(7)Pg 

«-cis«-r * c <t icft ^e-cocfc a iz-r 4 1 m^friz 
&m ess) ifi«35^*ft<ft«. f:t\ is&fcy 

2«*:it8aa)Ba-eia«L. -c#*/£i+*<(Da»T» 
ia^-rscticcty. i/>xt LtajanioiRiisiao 
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